Introduction
Elephant populations in captivity have traditionally been maintained by collecting replacement animals from the wild. Reproduction within zoos has been limited by the scarcity of intact mature male elephants in captivity. Males are difficult and costly to exhibit safely or to transport for breeding purposes. Zoos' researchers have been investigating the reproductive biology and artificial breeding techniques in elephants to assist the development of self-sustaining captive populations (Nevill et ai, 1976; Ruedi & Kuepfer, 1981; Schmidt, 1982; Price et ai, 1986; Balke et ai, 1987; Plotka et ai, 1988) . Hormone values have been measured for oestrous cycle determination and semen has been collected and used to inseminate elephant cows artificially. As yet, no offspring have been produced by artificial means.
Reproductive, anatomical and endocrine data have been collected from wild elephant herds culled during population control programmes in Africa (Buss & Smith, 1966; Laws, 1967; Sherry, 1975) . This information has been used in designing field management strategies. The elephant control programme in Zimbabwe's Gonarezhou National Park in 1986 provided an opportunity for integrating studies of the reproductive tract of female elephants in the field and in captivity. This paper reports a study of (Laws, 1967) and the number, size and weight of corpora lutea in each ovary were determined. The National Parks Department researchers measured the shoulder heights, collected the jaws to use for ageing and weighed and measured the fetuses. The ages of the elephants were estimated using a modification of the tooth ageing technique described by Lang (1980 Tables 1 and 2 . The lengths of various segments, of the tracts of non-pregnant elephants increased with the increasing size and age of the elephant. The regression coefficients with age were significant for the total tract, urogenital canal and the uterine horn lengths ( Table 2) . The regression coefficients with shoulder height were significant for the lengths of the above segments as well as for the lengths of the cervix and uterine body. The anatomical structure and divisions of the female African elephant reproductive tract were similar to those observed in three nulliparous Asian elephants (Balke et ai, 1988) . The urogenital canal was a long, narrow tube equal in length to about one half of the entire length of the reproductive tract of the non-pregnant elephants.
V4oM^ * £>~£ orifice (hymen) was clearly distinguished in 11 animals. A spongy papilla projecting above the surface of the urogenital canal was felt in the area of the urethral orifice in all elephants. On dissection, the vaginal orifice in all of the elephants was located within the pelvis, 2-10 cm proximal to the urethral orifice. The urethra opened as a small muscular structure 1-3-8 cm in diameter (Figs  1 & 2) . It was surrounded by a muscular sphincter which projected into the urogenital canal lumen.
The elephants were classified into two groups on the basis of the characteristics of the vaginal orifice. A wide vaginal orifice (5-19 cm) was observed in 13 elephants, 13-53 years of age (Fig. 1) . The opening in this group of 13 elephants consisted of two large folds of mucous membrane with ragged edges projecting distally into the urogenital canal: 7 of these elephants were pregnant and the uteri of the non-pregnant elephants contained 2-8 placental scars. In a second group of 17 elephants 5-14 years, the vaginal orifice (central orifice in the hymen) was a small round opening of <2 cm in diameter (Fig. 2) : 4 of these young elephants were pregnant and none of the other 13 non-pregnant uteri contained placental scars. The opening to the vagina of 14 of the animals in the second group was situated between two equally small openings that led into 1-2-cm-long blind canals. In the remaining 3 young elephants, there were slight variations, including additional bands of tissue across the openings (Fig. 3) .
The lumen of the vagina, cervix and uterine body contained a variable amount of mucus (Fig.  4a) . The mucus adjacent to the vaginal orifice was pale brown and the colour changed rapidly to translucent in the rest of the tract. The vaginal mucous membrane was thrown into a dense array of longitudinal rugae (Fig. 4b) . Dye was present in the vagina of 3 non-pregnant elephants where the passage of the tube was assisted by manual palpation (2 nulliparous and 1 multiparous). In all of the other elephants the dye was found only in the urogenital canal.
The cervix appeared to be a fold of the inner surface of the reproductive tract (Fig. 4b) . This bud-like projection, 2-10 cm long, was directed towards the vagina, and the surface was composed of longitudinal rugae similar to those of the vagina. The cervical lumen was tightly sealed with mucus and the distal edge of the cervical fold was lobular. The mucous membrane of the uterine body segments of the non-pregnant elephants was also corrugated with longitudinal rugae. These plica extended part way into the uterine horns (Fig. 5) .
Discussion
The most significant finding from this study was the observation of a hymenal membrane in the reproductive tract of nulliparous and primigravid elephants from a naturally reproducing popu¬ lation. In these animals, there was a constriction of the urogenital canal at the entrance to the vagina, just proximal to the urethral orifice. A similar constriction has been described by previous authors but its anatomical significance was unknown (Stukeley, 1723; Hunter, 1861; Miall & Greenwood, 1878; Forbes, 1879; Chapman, 1880; Watson, 1883; Paterson & Dun, 1897; Hashimoto et ai, 1956; Ruedi et ai, 1983) . Perry (1953 Perry ( , 1963 suggested that the presence of this membrane in mature captive elephants was due to retarded development. However, in the present 13 multiparous elephants examined, it appears that this hymen is torn during parturition, leaving a wide orifice surrounded by ragged folds of mucous membrane.
The presence of an intact hymen in a pregnant elephant can be used to determine the age at first conception. Examining this area in dead elephants is a simple task, as it is easily exposed during removal of the elephant hide. In a non-pregnant female, an intact hymen ( < 5 cm across all of the multiple openings of the vaginal orifice) indicates a juvenile or infertile elephant. A pregnant elephant with a hymen would be primigravid. The length of gestation can be calculated from the fetal weight (Craig, 1984) and subtracted from the age of the primigravid elephant to give the age at conception. The ages of these animals, combined with those calculated from ovarian and placental scar information, can be used to estimate the age of first reproduction in a population (Laws, 1967; Sherry, 1975) . The average age at first conception of 4 primigravid animals in this study was 12 years (10, 12, 13 and 14 years) . This is similar to the results from corpora lutea and placental scar data in a 1971-72 study in Gonarezhou, for which the mean age at first ovulation was 12-4 years (range 10-17 years; Sherry, 1975 (Eisenberg et al., 1971) may result in clearing of the reproductive tract.
The cervix or uterus is perhaps the best site for AL Conception rates in domestic cattle are improved if fresh semen is deposited into the cervix rather than the vagina (Lasley & Bogart, 1943) . In the elephant, transcervical AI may be hard to achieve. The elephant cervices observed in this study were flaccid and would be difficult to penetrate. Short (1966) remarked that the lumen of the reproductive tract of a single elephant, shot at the time of oestrus, was larger than that of anoestrous elephants and so the cervix may be more open at this time. The success of the use of any of these sites remains to be determined. Insemination trials at the different sites and the physiological changes in the reproductive tract during oestrus require further investigation.
